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Abstract  Three crosses  between 3  cul t ivat ed  (G. max )  and 2 aphid  res is tant  
wild  soybean ( G. soja )  l ines  were made to s tudy the inher i tance of  
resis tance  and segregat ion  pat terns  in F 2  generat ion  with  ar t i f i c ial  
inoculat ion techniques .  The aphid resis tance  of  F 2  plants  showed 
cont inuous  mono-peek di s t r ibut ions which  are incl ined  towards the 
suscept ible  parents .  Most  F 2  plants  were suscept ible  or  h ighly suscept ible .  
Only about  7.2 to 10.2% of  the F 2  plants  were resis tant  to  soybean aphid.  
The  segregat ions  in 2 out  of  3 crosses  s tudied f i t t ed  the  hyp othesis  that  
there  are  2  independent  gene  pairs  control l ing the  aphid  resi s tant  character  
of  the wild soybean l ines  (P > 0.50) .  The segregat ion  of  the o ther  cross  also 
tended to f i t  the 2 major  gene model .  These resul ts  indicated that  the aphid  
resis tance  of  the wild parents  might  be control led  by 2 independent  
recess ive  genes  and some other  minor  genes .  Supposing that  the  aphid 
resis tant  character  was  quant i ta t ively inher i ted,  the  overa l l  inher i tabi l i ty  
est imated from the var iances of  parents  and F 2  popula t ions was  between 
85.5% and 97.0%.  Despi te  of  the  high  inher i tabi l i ty  of  aphid resis tance,  i t  
i s  recommended  that  the select ion  of  res is tance should  be postponed to 
la ter  generat ions  such as  F 3  or  F 4 ,  because the scarci ty of  resis tant  genes  
may be recessive ly inher i ted,  and the number  of  backcrosses  made  in  each 
cycle  of  select ion should be  l imited  to  avoid  the resis tant  genes  being lost .  
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The Aphis glycines is one of the most serious pests of soybeans in the soybean-producing areas in 
north China, causing great economic losses.  I t  no t  on ly d i rect ly harms the  soybean 
p lan ts  to  se r ious ly decrease yie ld ,  bu t  a lso is  the main  vec tor  o f  several  k inds 
o f  vi ruses  such as  so ybean mosa ic  vi rus ,  and increases  the quant i ty of  mot t led 
 soybean kernels ,  which  decreases  g ra in  qua li ty.  Chemica l  methods a re  o f ten 
used for  the p reven t ion  and cure  o f  soybean aphid .  The d isadvantages  o f  this  
method are  the  h igh cos t s  o f  p reven t ion and cu re,  deve lopment o f  insec t ic ide 
res is tance,  ki l l ing of  many na tura l  enemies,  severe  envi ronmenta l  po llu t ion 
and eco log ica l  damage .  From the  s tandpoin t  o f   long-term benef i t s ,  seed  
se lec t ion  and  us ing soybean  seed  wi th  charac ter i s t ics  o f  aph id  resis tance  or  
to lerance  is  the most  economica l  and ef fec t ive  method  of  aph id  management.  
Some research ins t i tu tes  have done  the  work  of  sc reen ing  and selec t ion of  
aph id  res is tant  var ie t ies  s ince 1970.   Zhen Feng e t  a l .
 [1 ,  2 ]
 ( s ic )  judged the 
aph id  res is tan t  charac te rs  of  2073  cu lt iva ted soybean  en tr ies .  But  no high ly 
res is tan t  en t ry was  found excep t  the  Guoyu  98 -4,  Guoyu  100 -4  e tc .  g labrous 
en tr ies .  Yiheng Fan  
[3]
 eva lua ted  the  res is tan t  charac te rs  of  902  cu l t iva ted 
soybeans  in  the  f ie lds  and  found  tha t  only P ingDingXia n wi th  cyan  co lored 
pod coa t  and DuLu bean had some res is tan t  charac ters .  Because of  the lack  of  
spec ies  resource s wi th  h igh ly res is tant  characte rs ,  the  g labrous en t r ies  usua l ly 
were  accompanied  by l imi ta t ions  in  shape ,  phys io logy and  metabol ism,  which 
a re  undes i rab le  in  b reed ing.  
 
Wild soybean is a closely related species of  the cultivated soybean and is also one 
of the hosts of A. glycines 
[4 ]
 (sic).  An aphid resistant species that could be used may exist 
among wild soybeans. Derong Yue et al. 
[2 ]  
performed aphid resistance filtering for about 1,000 
wild and semi-wild soybean materials, and identified three highly resistant resources: wild 85-32, 
wild 85-39, wild 85-1. Their resistant characters were higher than the cultivated materials with 
resistant characters, establishing a foundation for aphid resistance breeding using wild soybean. 
The purpose of this research is to explore the potential and effective methods of transferring aphid 
resistant genes from wild to cultivated soybeans. This paper reports the aph id res is tan t  
segrega t ion pa t te rns  and the inher i tance  ru les  o f  res is tance  in  F 2  genera t ion  
c rossbred by the cu l t iva ted  soybean  x  wi ld  soybean.  
 
Material and methods 
 
In 1987, three cultivated soybeans (Jilin 20, Xuan 85 -8 and Gong 7514-2) were 
used to crossbreed with the resistant wild soybeans Yie 85 -32 and Yie 85-39 to 
produce three crossbreeding combinations: Gong 8794 (Jilin 20Χ Yie  85 -32), 
Gong 8795 (Xuan 85-8ΧYie 85-39), and Gong 8796 (Gong 7514ΧYie  85 -32). In 
1988, F1  generation was planted in the Gongzhuling fields, then the false hybrids 
were removed and the seeds of F1  plants were obtained. In 1989, the parents of 
three cross groups and F2  population were planted in the screen houses. The size of 
the screening house was 20m x 5m x 2.1m with a capacity of 40 rows, each row 
space at 50cm and plant space of 15cm. Aphids were inoculated artificially on June 
13. The inoculation method was to select plants on which there were some aphids 
from Jilin 21, then using small scissors, to remove some leaves with aphids on them 
so that 10~15 relatively identical aphids remained on each leaf. Then those leaves 
were pinned to the leaves of each plant that had not yet fully expanded. The aphid 
resistant characters were investigated on July 11. The resistant grading method was 
 based on the method introduced by Zhen Feng and Derong Yue et al 
[1 , 2 ]
. The 
grading scale was as follows: 
Grade 0: no aphid on the whole plants; 
Grade 1: the plants develop normally with sporadic aphids. It is estimated that the number 
is less than 100; 
Grade 2: the plants develop normally with some aphis on the top shoot and young leaves. 
It is estimated that the number is about 101~300; 
Grade 3: the plants develop normally with a lot of aphids on the top shoot and young 
leaves. It is estimated that the number is about 301~800; 
Grade 4: the leaf shrivels significantly, depressing the plants’ development. Many aphids 
are scattered on the top shoot and young leaves. It is estimated that the number is about 
801~1200; 
Grade 5: the plants are stunted; the leaf surface appears moist and oily, the shoot and 
young leaves are bound together. The number of the aphids is very large; it is estimated 
that the number is more than 1200. 
The following formula is used to calculate the infestation indices of the parents and F2 
population:  
Infection index=(( infestation grade x no. of plant at relative grades)/(5 x total no. of 
plants)) x 100%  
The proportion of resistance and segregation was calculated, and the number of resistant 
genes and inheritance of aphid resistance were estimated. 
 
Research results 
 
1. The average resistance of parents and F 2  generation 
 
The grades of three crossed resistant parents were all around 1. They were found to 
be highly resistant, which was consistent with results of the previous report 
[2 ]
. The 
average aphid infestation grades of the infested aphid parents were all greater than 
4; they were highly infested. The average infested aphid grades and indices of F 2  
generation were all between the two parents and inclined toward infested aphid 
parent, indicating aphid infestation characters expressed as incomplete dominance 
(Table 1). 
Table 1 Average resistance of parents and F2 generation 
Crosses Generations Grades of resistance 
( SX  ) 
Indices (%) 
Gong 8749 P1 Jilin 20 
P2 Yie 85-32 
F2 
4.94 土 0.23 
1.00 土 0.00 
3.76 土 0.94 
98.9 
20.0 
75.1 
Gong 8795 P1 Xuan 85-8 
P2 Yie 85-39 
F2 
4.41 土 0.50 
1.00 土 0.00 
3.88 土 0.93 
88.2 
20.0 
77.6 
Gong 8796 P1 Gong 7514-2 4.83 土 0.39 96.6 
 P2 Yie 85-32 
F2 
1.10 土 0.38 
4.08 土 1.02 
22.0 
81.6 
 
2. The resistance distributions of the parents and F2 individual plant  
 
Most parents that were progenies of different cross-combinations recorded an infestation grade of 
5 and few of them recorded 4. The resistant grades of wild soybean parents were all basically 
distributed at 1; nearly no parents were found to be immune and only few individual plants 
recorded grade 2. This indicates that resistant and infested parents are all pure-cross stable; aphid 
resistance is not affected by environmental conditions.   
 
The aphid resistance of F2  p lan ts  o f  the  3 crossbreeding combinations showed continuous 
mono-peak d is t r ibu t ions.  The d is tr ibu t ion peaks of  two combina t ions  (Gong 
8794  and Gong 8795) were  a t  g rade 4 ,  bu t  the  d is tr ibu t ion  peak  of  Gong 8796 
was a t  g rade  5 .      
 
Table 2. Aphid resistance segrega tion ratios of crosses between cult ivated ( G. Max) and wild (G. 
soja)  soybeans in  F 2  generat ion  
Crosses Generations Total 
No. of 
plants 
Resistant* Susceptible Fitness** 
No. of 
plants 
Frequencies No. of 
plants 
Frequencies X2 P 
 
8794 
P1 
P2 
F2 
19 
14 
176 
0 
14 
18 
0.000 
1.000 
0.102 
19 
0 
158 
1.000 
0.000 
0.898 
- 
- 
4.10 
- 
- 
>0.025 
 
8795 
P1 
P2 
F2 
22 
17 
221 
0 
17 
16 
0.000 
1.000 
0.072 
22 
0 
205 
1.000 
0.000 
0.928 
- 
- 
0.22 
- 
- 
>0.500 
 
8796 
P1 
P2 
F2 
12 
22 
179 
0 
22 
13 
0.000 
1.000 
0.073 
12 
0 
166 
1.000 
0.000 
0.927 
- 
- 
0.16 
- 
- 
>0.500 
8794+8796 F2 355 31 0.087 324 0.912 3.32 >0.05 
*: Plants with resistance scores of 0, 1 and 2 are considered to be resistant. 
**: Ratio tested is 1 resistant: 15 susceptible. 
 
The  aph id  res is tance of  the F 2  p lan ts  showed cont inuous  mono -peak 
d is tr ibu t ions tha t  were  inc l ined towards the suscep t ib le  paren ts .  Most  F 2  
p lan ts  were suscep t ib le  o r  h igh ly suscep t ib le .  Only about  7 .2  to  10 .2% of  the 
F2  p lan ts  were  res is tan t  to  soybean  aphid s .  The d is t r ibu t ions o f  the  F 2  
individua l  p lan ts  wi th  every k ind  of  c ross -breed ing  are  a l l  asymmetr ica l .  An 
abso lu te  major i ty o f  the ind ividua l  p lan ts  dis t r ibu te d a t  g rade 3~5 ,  but  very 
few d is t r ibu ted  a t  grade  1  o r  2 .  No individual was found to be immune (Fig. 1). 
 
 
 
 
  
 
 
 
3. The segregat ion proport ion  of  F 2  aphid  res is tant  characters  and the 
inher i tance  of  res is tance  
 
According to the response of the resistant parents, grade 1 and 2 are regarded as 
resistant to aphid, grade 3, 4 and 5 as susceptible to aphid. And the individual plants 
in F2 population are divided into two kinds: aphid resistant and susceptible. And the 
segregation proportion of aphid resistance were studied (Table 2.) The aphid 
resistant individuals segregated from the three crossbreeding combinations of Gong 
8794, Gong 8795 and Gong 8796 take up about 10.2%, 7.2% and 7.3% of F 2  
 population respectively. The actual resistant segregation proportions are 1:8.8, 
1:12.8 and 1:12.8 respectively. This indicates that the frequency of the aphid 
resistant individual plant appearing is very small; an absolute majority of the F2  
individual plants were aphid resistant.  
 
In order to estimate and control the aphid resistance  genes, some experimental 
materials were tested for adaptability. The results show that the  segrega t ions in  2  
c rosses  s tud ied  (Gong 8795  and  Gong 8796)  f i t ted  the  hypothes is  tha t  there  a re  
2  independent  gene pa irs  cont rol l ing the aphid res is tan t  charac te r ,  the  
segrega t ion propor t ions  f i t t ing  the  theore t ical  ra t io  (P  > 0 .50)  of  1  res is tan t :  
15 suscep t ib le .   The adaptability of Gong 9784 is a little worse (0.05>P>0.025), 
but obviously it fit the hypothesis of 2 gene pairs better compared with the 
hypothesis of 1 gene pair (x
2
 =  19.70,  P<0.001).  Because the aphid resistant 
parents of Gong 8794 and Gong 8796 are all Yie 85 -32, the F2 material of the two 
crosses were merged to test fitness; the segrega t ions o f  res is tance s t i l l  f i t  the  
theore t ica l  va lue (x
2
 =  3 .32 ,  P>0.05)  o f  1  res is tan t :  15 suscep t ib le .  Therefore ,  
the aph id  res is tance  of  the Yie  85 -32 and  Yie  85 -39 might  be  con tro l led by 2 
independent  major  genes .  The aphid suscep t ib i l i ty characte r  was  observed  to  
be incomple te  dominance ,  and the aph id resis tance to  be recess ive .  Because 
aph id  res is tance of  the F 2  ind ividua l  p lants  showed cont inuous ly asymmetr ica l  
d is tr ibu t ions ,  the aph id  resis tance was s t i l l  in f luenced  by some minor  genes.  
Suppos ing tha t  the  aph id res is tan t  charac ter  was  quant i ta t ive ly inher i ted,  the 
overa l l  inher i tab i l i ty es t imated f rom the mater ia ls  in  th is  research was 97.0%, 
85.5% and 85 .8% respec t ive ly.  So  i t  cou ld  be  seen  tha t  the  inher i tab i l i ty o f  
aph id res is tance i s  qu ite  h igh ,  which suppor ts  the previous hypothes is  tha t  i t  
was mainly a  few major  genes  tha t  con t ro l led the  aph id res is tance .   
 
Discussion 
1. The crossing method of transferring wild aphid resistance genes: The wild 
soybean has a lot of disadvantageous characteristics such as rampancy, dehiscence (shattering), 
small seeds, hard grains, bad grain quality and virus susceptibility etc. We hope to introduce only 
the aphid resistant genes to the genetic background of the cultivated soybeans, without introducing 
other genes with bad characters. The method of single cross offspring selection used is helpful in 
the selection of aphid resistant characters; but the recovery of the  selec t ion  made  in  eac h 
cyc le  to  agr icu l tura l  charac ters  i s  l imi ted .  In  o rder  to  increase the  recovery 
speed of  agr icu l tu ra l  charac te rs ,  a  backcross - improvement  method i s  usua l ly 
used.  
But with the extension of the number of times of backcrossing, the possibility of losing necessary 
aphid resistant genes increases. This is true especially in the case of resistant genes expressed as 
recessive. Therefore, the number of crosses made in each cycle of selection should be limited 
when using backcross methods; one crossbreed and one backcross are suitable; it should ensure  
more backcross seeds and correspondingly increase the offspring populations, providing more 
opportunities for selection.  
 
 2. Select the best generation of the aphid resistant characters:  According to 
the results of this research, the aphid resistant characters of wild soybeans m ay be 
controlled by two recessive genes. The frequency of individual plants appearing 
that resist aphids is very small, so i t  i s  recommended  tha t  the se lec t ion 
genera t ion be pos tponed to  la te r  genera t ions .  In  theory,  when the  res is tant  
charac te rs  are  con tro l led  by two recessive  genes,  the  f requencies  of  
individua ls  appear in g wi th  res is tan t  charac ters  in  F 2 ,  F3  and F4  popula t ions a re  
6 .25%,  14.06% and  19.14% respec t ive ly.  The  frequenc ies  of  ind ividua ls  
appear ing  wi th  res is tan t  charac te rs  in  F 3  and  F4  popula t ions  a re  2 .3  and  3.1  
t imes  of  tha t  in  F 2  popula t ion .  Therefore ,  the se lec t ion  is  pos tponed to  F 3  o r  F4  
popula t ions.  We could  a lso  cons ider  the se lec t ion  of  o ther  agr icu l tura l  
charac te r is t ics  among many aphid res is tant  ind ividua ls  so as  to  g rea t ly 
increase  se lect ion e ff ic iency.    
 
3. The mechanism of aphid resistance:  Wild soybeans differ greatly from 
cultivated soybeans on morphological, physiological, and ecological characteristics. 
If the difference is related to aphid resistant characters, it will cause some 
difficulty for utilization of wild soybean aphid resistant characters. The absolute 
majority of the individual plants are all inclined to wild soybeans in the F 2  
generation crossbred by cultivated soybeans and wild soybeans. But the absolute 
majority of the individual plants in the F 2  generation were aphid resistant. 
Therefore, there may be no certain relationship between aphid resistant characters 
of wild soybeans and morphological characteristics such as rampancy, 
multi-ramification etc.  
 
4. The method to transfer aphid resistant genes of wild soybeans: The recovery 
speed of agricultural characteristics of cultivated soybeans was slow when the 
traditional crossbreed and backcross methods were used to transfer aphid resistant 
genes. In order to overcome some bad character istics, several cycles of 
crossbreeding and selection should be used; the cycle is very long. According to the 
results of this research, the aphid resistant characters of  wild soybeans might be 
controlled by two major genes. Thus, a molecular inheritance operative technique is used to 
extract the DNA molecular segments and introduce them to the genetic background of the 
cultivated soybeans. The selection of aphid resistant characters for the offspring might be the 
effective way for transferring the aphid resistant genes of wild soybeans. We are currently 
exploring this area of research.  
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